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Glial patterning during postembryonic development in the mushroom bodies 
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of the honeybee Apis cerana cerana ‘Hymenoptera: Apidae ) 

LI Zhao-Ying"^, XI Geng-Si C1. Biology Department, Shaanxi Institute of Education» Xian» Shaanxi 
710061; China: 2. College of Life Sciences, Shaanxi Normal University, Xi'an; Shaanxi 710062, China) 
Abstract: The characteristics of glial patterns during postembryonic in mushroom body of the honeybee Apis 
cerana cerana were studied based on the method of anatomy and immunohistochemistry ( 5-bromo-2- 
deoxyuridine, BrdU immunostaining). The results indicated that glial cells are involved in several functions 
during the development of the nervous system in the honeybee. In the early larva, a continuous layer of glial 
cell bodies defines the boundaries of all growing neuropiles. Initially; the neuropiles develop in the absence of 
any intrinsic glial somata. In the secondary process, glial cells migrate into defined locations in the neuropiles. 
The combined data from the three brain regions suggest that glial cells can prepattern the neuropilar boundaries 
and guidance structures for migrating neurons or outgrowing axons. The corresponding increase in the number 
of neuropile-associated glial cells is most likely due to massive immigrations of glial cells from the cell body 
rind using neuronal fibres as guidance cues. 
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EKT Ay AS wT HE R M ESS UGS IS Vado X600 Nau He Joe A HL DE] j^ ^E SA REL ES XE Dën LIE 
JEME ET EB ATH p AL, rn VEA RAS CAL n] "Im. 
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THES ASN TT A. Hahnlein HI BickerC 1997 238 it 
2H AGS CEA AZ Je JURE FAK E A BUMS fe Pe A E 
DOR, XS T TRES IBS CE RK Fl) SEE. Apis mellifera 
4)] HE nen Jo v 28 T HE d E E Re P BS E HI. 
Therianos 55 ( 1995 ) HI Boyan 55 (1995 ) 4} Jl XF FE ME 
Drosophila HI 4 grasshopper) HI ii AC A 3E Ee p tip AS 
AN Be Al ZR e Jo Zt IRI BIO RET I NEU. OI Be, 
He ApS A JBC Joa ER UE 1 BSH, RP AR ABS TR ZR Ie D 
SHEE TZ RIETI XETZ (Cantera et al.» 1995), FF 
HENIS 26 8E 52 AB Imt AN DN Att S| Sr TE H C Perez 
and Steller, 1996). Dr Jf T b £8 Je DR ESI V E ER 
Mtr VA K E up A R DI 2 E 28 8 DI RI HK C Jones. et 
al.» 1995; Hidalgo et al.» 1995). 

ER Y SCRE P, HE IBC JA s A E Ze är JR 
DAR A EAS SIT B E HI Woodward et al., 1992). 
T Attn Ze pe RZ REP scm WIESE Mh as, HA 
Jie] RA t £s A Ran D E RESE B. P IE C Jones. et 
al., 1995). HiW& drop-dead I] 2s AER Ze th de ob 
AR, xE— 2v WE BI Y Tl ES E RUE DIRE ah AB SE d 
FITERE TE TP f E 4E H COland and Tolber 1996). 
TEATER Bl DE tp ZS PSHE 99 TIS I E ER D, TREES 
Jo [ri] t TH FP ni p zs 2T SHER A fi ff Im ql SPE PIS] JH 
TEE HI XC Steindler, 1993), JF H., ES IB A É 
WAAIT AR Top ZF EER PI FEC Krull et al., 
1994). {H AEX P 4 8295. Apis cerana cerana WIE A 
ALE T HAR AA SL, A bee A AE T XE 
WERE o ANSE Woe GE ISEJÉ AS E Ti) A Be Pe A RM SE 3x 
AR eh EP te Be ee Te SE MR Je Az A FP RR ZR be ër BOT 
JEREEXXETT TH brut, BOE TR VT Bà dU Be A 
WORE hee pe RS DI Be RE o 
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1 Hänn 


1.4 SSH 

siu Br Fg rp eg ne TC AR pr Al. me REL, E 3] UU 
E Vi ZW rp Ae S METER REG. 
1.2 HREF 
rp e Be TEE A) D. UR II 4% 2% BR FA 
NE AC HERA. px Rc BRA TC Ph EGER Ht 
AK, HEH. ud LH, Dot nd px 2A ry XE 5 UJ 
Hh VI RE S ~ 7 um VA RTIRA E RR ARA 
BT b. MET. VA boh Jo EK. HE R (6, 
Olympus CBX-51) EMAN RHR. 










































































1.2 BrdU ARRE 
1.2.1 BrdU BAM: HF 54RA, MAk f 
FEREENA 3 uL TK E29 25 mg/mL I]. BrdU 
(B9002; Sigma); XJF 1 ~ 4 8957] Hh, FUREY 25 mg/ 
mL DI BrdU 18 AYA RK PEE 1:1 LEI AD 
TH]. BrdU £i BENE IRI — C 8 he 
1.2.2. BrdU RIAA RE: 3 BrdU AB BET BS 
Wi 4% & HE EE 4°C TAKE 8 ho FREU BUK 4 
HOHE, BE ESE I, REA 7 ums. VIT ET YR 
AERAR E, WE HH. 

TI EMEEK: bud E. PBS YE 3 MK; 
3% i ACA A AN WENS 10 mins TBS 26 3 1K W 
DHE è uli 2E df NY DIN, 37°C 30 mins 389 DN E 
BrdU Jy BE Sit 4 (1/200) ab8039; ABCAM), rh 
ACH AIER, PBS E3 WR. WII EW RM M pih 
BR, IgG» 37°C 120 min; PBS WE 3 Vs 29 nl SELL] PS 
37°CH A 30 min, PBS 26 3 2X: DAB Se (Jc Bite, H 
PERT BSS Fr, Olympus (BX-51) S D WL SSH He 9] 
PEXT HALL PBS 483. 
1.3 Miet 

H Y VETT SIUE HR B xU UR A sz A E Ts 
24. St) Hr E BrdU fiia 853858 4 C8 h 12 AO Bt Be 
HUET. VEA Ly rb RUE en e 
SP Be. A Y Ar EPRE AS 2 ROLE nä Si dä REL PI t 
iiA e, Eb E B), EC R AUKI F O Pr RI, A 
ERARI. ESRA Cus d, 
CAE EE IE ZG (OU VIL Fr ERE, d AE ZR Be 
(Abercromhie, 1946). #&—IN Tal Rit 2 ~ 4 Roy 
I 1~ 5 SHRIEK, (RHEIN, RAE b VE VA 
(SE). 
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2 R 


2.1 €f A RUE PAAR 

s I IS EU er T" RU HF ELDER RE 
Ps rE EA ni P EAR EIS] SE AAR. dr 2 Säi 
fr Br, rk Ing A 8L DX. UU FF 3E Jak» E ENTR 
FH, EX Ri o e ER ZT AE PIT] Hy BAT BrdU Er 
TAS e jos RG D: AO. $3 Woo d, SEDE 
T CL m E Se RE P7 PE I TES 
REK EAI S E] A Heo E JF CELL: BD. RES 
BEATA RIBAS: BUE, HN 3.8 € 0.5 um: d 
JÉ, ELTE AU 3.1 € 0.3 pm, rfi 4) TIS Zt Je. D 2 ELT: 
AN. 1x DN. Kenyon 4H Hl BE Jat o R JT 8 A Or 
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nies ATE Bo "ERI BCAA IT: Cu. al CERE: KO. Sinn, Te z m^ ORAT BOE HY 














IERARH, E ZR SJ A UE Wa) HA HL TPE TU LOU) AEA EE AS eT] Jd FL AULA HS 7T « TE SEM TR 
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Ra, FEN ETE ITB EE CAA T: Co. BER AAE AAS, (ak ASE ZU Aa 8 25 E AY 










































































TAS PS BAL ON ZEW OS TE ADS, AESA 28. lm, CE EAS eA EA BI A LP RU E JB 
AR ^P LIBS LA A EER PCARRD: DO. ëmm Wl: L) 












































EMME, BE eh OS ETE TP OT S22 ER) A B E RR A IR 

















"Js Fe] ET Site up Du P BA) 2 E e 9 38 CA SEE UN DÉI Kenyon 28 IN Ac H DI 2 fr 

























































































AU Hoi 


WI: E IWARA JH, ONES MIR NE MAAE VJ , ASR PEEP TÉ X, o HERI pn 
Doan pb DE CÉSAR D: FO. BERNA eo CARA TT: D. CESK ERA ER a PEU BOP 
IRE AP ARCA PESE. TURA US 1R, CN = RARE TE 2 SRI 3 AARRE, MUP eR 23 ET a 
Zi SR GAS HA A4 BAS eh AE RH TES TT ME TRE BH SK, TSK BUTE TRU B 27 Ge 2 E CRIT: G 
FERI: GO. SIMBA AIS 2K, WERA H) (EXE UL UR B W, X PORA KEE TR £s 













































































SEU, REAA HERAA MORS R. SARA 5 Hj. o IA p HERA 8] 
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DROE 
ix^ IN 


KARA, ES HL AS RRS FB EAS eA A Dohier H, EH PP Joe BR OHS be Joc AN ep RC J] ER] 
JE. DA RETR AW AC FE Meh ts AA ZA CA Ae EZR ED OB CAA H, De EARE HA 
CE D: Ho AARRE 3 RFR PIA SEO KERR IUE F8 AA IL AT ER CA TL: FD 
ZEEE AE Ing DI] dE PIS TEE d VP el T S A DN A 26 Je BrdU tid tin, OC OI A KO o 
SRAM LAY Ha JF. BrdU Bsic WE më Wer ORR EPPA Du PR AY 2 EE BE CA TE: A BD, 
BES EAS Erd to TI IME ET ETA EK g EA EC PY 1), BE JS SA IN re 









































TAHA, A ZS Be oe ap CAR ID: De BA 4 K CARI: CO. BUA S HS 3.4 Koa TITLE A 
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DEKRA CR Ts DO» 8028 5 X a HPAI g 
FA Ing A C. 56 48TH A. TH XE CE IC IRE, SERE RI] 


A HEREA BK C. T] e HR HE ERAN, (AES EK DAAA 7D E SPE EAT 2) E CELO T: vi, 


MX AY P 00] 323 ZR FC 1 
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BrdU EKRAR MKA E BE 


Number of BrdU-labeled glial cells/mushroom body 






























































JUAN 8 28 IBC J AN HL Ed EMAA HH, o IERI g PE DB ES D J S 

















—m— BK Calyx 

seeders of BE o-lobe 

e BP B-lobe 
A. N-2,n-4 











13-15: 4jm 
I3 - L5: 3rd — 5th instars 





M P: L L I L L L Käl 
L3 L4 L5 PP P1 P2 P3 P4 P5 
AT B Developmental stage 


























Ei SB. TERI ont BrdU dada fr vi Ze rz EZE Hh ek FA 
Fig. 1 Number of BrdU-labeled glial in the calyx: o-lobe: and -lobe 


AM 


63-54; PP: HUM; PL- P5: MUA 1-5 X; N dt SEE MARC n AAR. PIF). 
of larval stage: PP: Prepupa: P1- P5: Day 1-5 of pupal stages N and n denote the number of bee individuals and 
the number of cell clusters. respectively. The same below. 
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3.1 PALER ee AS ZLBUTR BE 

















>- 















































(TEE T 52] RE AB 
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EB FE AN FY BÉ AL EH IT IE AN E rk, P ER IBS JR 
PERS Sft alode EAE AKI frt, do UA BR is” A äu 
AL d HINE HI CHahnlein and Bicker, 1997). ASICXTA 
HER EE TL HR: A EN) ETE AUI, 7618 E EA ed 
t Ae BE AHN, IER IBS JO FE FE ES BS Ht 28 ZT 2E pg 
Tfi ELS BUE PEERS pd, — BC BR fe TE dh £e SP AE od B5) 321 
Rey EATER a} RR ED RE [e] DC But 28 ZT AE od B5) 38 
JE REA — 3. A SUE PR B ERE. BrdU be id If] 
dth £s JS po et Ae 1, | C] 10 RT ELE H, E a TIE 
All g PE Bt d Az A HAAR A 5-8], d ES Hz JR A Ad 

































































































































































TROD BOA Tif BK, XA EST 8) [8] OE E EE SERE | 























HE ELE (KA — 8 CAR JE BEA HEE, 2007) 
P a ME BS p ZR sz ër dr or HU Ye 0 d. DÉI 2 
28 9g VeL AN Tec el, 18 — E AE FE — 7S JEDE TR XE 
RAS, EC Az EE EAS 4 BIE S KEAN A. M e 
ans sr FIAT, dr Pl BA ale, BE Je XR TT UR 
>, Bela E] PA 8& PS 8], JU In] o ning, ERR 
78 B 4H £6 e RI SL, A PP HD st pr BH, ER T BOK 

















































































































ARR Mobbs, 1984). 
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FC Winberg et al., 1992). 2&10Uth, E 
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D Bim, BUI, (EL Kirn 
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rp e scie S JE VS ALT] Kenyon ill id Ac d B5 it R 
PA BIEN E £T AE IL AI, E AYER a ERI B 





DESY) MH 


Fr T, a hf Xs AN FE AES AYE EUR 
Pr 4^ Zit DI C Edwards, 
(Abercromhie, 19465 fl 
ALFE AN EA OT TAR At 
ZR EF E PA ANY PSR, 
3.2 EEA RAYE 
Cayouette HI 
BAS WEE, ABM 
MR ES RSC 
SAA Al fi] 4 
WEASEL © ma 
EE AER AE H 
DIE K 28 A HIC Schuldt et al.» 1998). 
MIZE AT AE DN Oc A EEN 
TRZS JC jo RO ce E p SER RJ n 
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HARI: D 3€ BE GHA e J A HE 2) oe EE 
BTR IU TE MAN SS 4] 6 DX " (sorting zone; SZ IL Müller, 
1996). FEX HL, fai o JT I AT AY ARE TT] E 29 RE 8] 
E, Jai c ACH d ne R rop Or IHF EGIT] 
[:] RMR BE SRIF RC ZR JS D AN J A EE IN IT 
EIER ER. TEN RHA FA EIS Dr Dé A OSEE H 
ARMA S DG C Withers et al.» 1995), TRES bz TE AL 
KEA”, MT AK FS HR se FH Je E] HAS HK BE EV 
7, Z435 xJ JB CRI m AS a 
TE BÉ HTAR, Be a) 306 JE Jo, X 7 IT] T8 ES R C Monsma and 
Booker, 19960. EJ EA JL PEZ nmn hrer SS 
^ [p] B5 ah SS AN IN HX ZR lE HA NT C Champlin and 
Truman; 1998), MRKA BE YEAR FF fiU a 
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SIU 62H UL FBR, YR EP DC BUT HS 
REMH TAR, Ae BLU S EP. FEK ET 
bx Z^ E BE) 43 FRAG EJ 7] VJ ES b He Jo: A Rel 2 8 
Toss o e d WR c emm A AZ Js» mis A EST TRI S 
FS BrdU br ch A ELITS d £6 RJ AM He AE GS T 
We XPP 2g Jen F5] 35 965 [3] 408 el ce 8 RS Tg 
DU, TE OD DEBE ERE HP UL TD PE LJ, Di TES JE 
MAE Fr on , 4R H HE Ae HC fm RE 6 26 Rp Ji 4 
FEE AT AR. 53, E ANE BR dx ES Er Beth ES pz 
CHE ECKER BrdU AIH ZA 
More JT VRBE AS FE Bs WY, re BEE — 2 B] SE HK 
WER. Hat, ATI Manduca sexta 1H 4638 E 
RA AC WE FEC Witthoft, 1967), DL ROSE AR We 
FHA HK CFahrbach et al., 1998) fH F Hil f e Be 
(Hensey and Gautier, 1997) Jf Jii AA PE OE SE, AB 
ER Y RAAB ZR e J ES BN HIE. dT uk 
ZO ZS IBC Jo RO XE ME TR UJ RU 22 4) A EF ENT TRT RS] 
VE OE SL, TER cH SE TES HS OT HI DEES. 
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DR VE BA Explanation of Plates 
IG I Plate I 





A. BrdU tid LE 12 D SUE AR, ig Sk 9 PELA TE EP mae D. The mushroom bodies during L2; the arrow: BrdU-labeled glial cells. 





























B. BrdU tid TIE L3 HY 


thick arrow: 











TE A, 
the circular glial; the thin 
C. TIE L4 BOE AS ZH AG, gr 
D. BrdU Ari LE L5 B5 S8JE TK, iti Ska HA 
E. BrdU PRW CL PP 5:391 5 REL Ms, os 
F. BrdU PRW THE PP He HL] SE PS s Hit Sos 





As 
arrow: the flat glials. 
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he 8 JL, ER i SZ 


LAUS DERE 





EA JE E] d £6 BS Jt, AA HT SK AS d TR TB T 2 i. The mushroom bodies during L3, the 


THEE. The mushroom bodies during L4; the arrow: mass glials in the calyx. 

















THE WE. The mushroom bodies during L5; the arrow: round f-lobe glials. 
p IH] FEL EE d £e JSC f o 


























The mushroom bodies during early prepupa» the arrow: round £-lobe glials. 
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AR 


The mushroom bodies during terminal prepupa: the arrow: round pedunculus glials . 




















G. BrdU eid TIE PI BO SUE UI He tite Shs br T AA 


bodies on Day 1 of pupa: 
H. BrdU tric Rn 














pupa» the thick arrow: 
1. BrdU eid THE P3 ff 


Day 3 of pupa: the thick 








J. BrdU eid LE P4 IO BRIE TK, Str aN 


calyx. 
K. BrdU fid Lf P5 
L. Rm TEE ORY. 
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FI SET AAS TEL SK ars ZS ET HE DT 
the BrdU-labeled glials at the point neuropile; the thin arrow: the glials between calyx and pedunculus. 
AN ZEEE BE ED BrdU bid B ZS bg, AH 3 
arrow: the BrdU-labeled glials at the point neuropile; the thin arrow: the dispersed glials within pedunculus. 





KAN AEA E 2 
the thick arrow: the glials between calyx and pedunculus: the thin arrow: the dispersed glials within neuropile. 
NZS BCI, AH ti S 


[R] pa Zs Rz pcs auer Sos ër Ju dr TP e ZF PE ad P SY RES DS EI. The mushroom 





ZR P3 BEA HC FEA AY PES SJL» The mushroom bodies on Day 2 of 


ZW AAG TE BE ASH V3 FY TEES IBS E. The mushroom bodies on 
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pupa» the arrow: BrdU-labeled glials in the lip of 


The mushroom bodies on Day 4 o 


The mushroom bodies on Day 5 of pupa: the arrows: BrdU-labeled glials. 
FZ [RI RU NZS bz Js A i So BUG TE 

















AA rel ELSE ASH PS 2 S ah ée JRE Ui. The adult mushroom 





bodies: the thick arrow: the glials between collar and basal ring; the thin arrow: the dispersed glials within calyx and pedunculus. 
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A. BrdU eid Lf PP ÉY o Mh, HS 
B. BrdU $670 THE P1 AY a HE 
C. BrdU PRC LE P2 FY a HE 

D. BrdU $x ih LE P4 AY a IF, HSK ASHE a MAPS BET. The a-lobe on Day 4 of pupa» the arrow: the glials within o-lobe. 
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50 um». Scale bar = 50 pm 


» The a-lobe on Day 1 of pupa. 
» The a-lobe on Day 2 of pupa. 
































A Ji) ZH KA LIE RS DE. The a-lobe during repupa» the arrows: BrdU-labeled dividing glial cells. 


. RETIE a HPA ZR AF 0 GTS AS a EIL BR ZEB, TH fi SS a H BB EK RIZR JJ. The a-lobe on Day 4 of pupa, the arrow: the glials 
within a-lobe. 
F. RETENIR, hos T DUT A BRE) o The region march with a-lobe and B-lobe, showing the layer in lobe. 
G. THE L2 pi A 2H ZA A HA. TSK AS JT A TP Ur DÉI o HI. The mushroom bodies during L2, the arrow: the a-lobe. 
H. TH 13 Ji eB) 2H 2A £5 5 ër SC HE PHY a DI. The mushroom bodies during L3, the arrow: the a-lobe. 
I. TRE P3 fpi S2 UJ 2H ZA £4], TSA AS a nl, AN Sos ont, = Ais Fp Ot Be AZ EE «— The mushroom bodies on Day 3 of pupa» the thick 








arrow: a-lobe; the thin arrow: the B-lobe; the triangle: the glials around the lobe. 
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